Abstract
Introduction
Accurate location information is required for proper planning and informed decision making in a variety of sectors, therefore, accurate school location information is required for planning and decision making in education. The Department of Basic Education (DBE) is the custodian of information on all schools in South Africa. A data custodian is defined as "(a) an organ of state" (Spatial Data Infrastructure Act, 2003) , or "(b) an independent contractor or person engaged in the exercise of a public power or performance of a public function, which captures, maintains, manages, integrates, distributes or uses spatial information" (Spatial Data Infrastructure Act, 2003) . Education Management Information Systems (EMIS) is a function in DBE that is responsible to develop and maintain an integrated education information system for education management (Department of Basic Education, 2016) . DBE and provincial EMIS units have a mandate to provide education information to the education system, and to support monitoring, planning and decision-making processes (Department of Basic Education, 2014) . DBE and the Provincial Education Departments conduct surveys on a yearly basis. School location information are typical outputs of these surveys.
Background
In order to provide infrastructure services to schools, accurate location information is critical. One of the largest projects currently being undertaken is that of providing broadband connectivity to Figure 1 is a map of the five study areas that were considered in this study. This paper will discuss the assessment of the positional accuracy (an element of geographic information quality) of school location information. Geographic information quality elements can be used to discern if a dataset is fit for use for a specific application. According to International Standards Organisation (ISO)19113 Geographic Information -Quality principles, positional accuracy is one of the data quality components. For the purpose of this study, positional accuracy is defined as the closeness of agreement between the location (position) of a school in a dataset and the actual location (position) of a school on earth (reality). 
Related work
Other authors have previously attempted to utilise South African school location data for various purposes. Previous efforts included the assessment and improvement of school location information in various study areas. Positional accuracy was an important element in all of the previous efforts.
The first effort to improve school location information occurred in 2011. The Chief Directorate: National Geo-Spatial Information (NGI) is known as South Africa's national mapping organisation and is a unit of the Department of Rural Development and Land Reform (DRDLR). In 2011 NGI undertook a task to improve the National EMIS dataset for schools in the Free State, Northern Cape and Western Cape (Sutherland, 2012) . NGI noted that the location of each school was captured by teams using handheld Global Positioning System (GPS). NGI reported that the locations of schools were not accurately captured by the service providers that were contracted to populate the EMIS database (Sutherland, 2012) . NGI attempted to improve the positional accuracy of the locations of the schools in the data by converting the coordinates of the school locations into Keyhole Markup Language (KML) format. NGI used Google Earth and their own imagery to identify the correct locations of schools. NGI used the name of each school, the number of pupils in a school and the street address of a school as supplemental information to provide guidance in identifying the correct location of a school (Sutherland, 2012) . NGI collaborated with DBE and at the end of the effort, the locations of 3 989 schools were verified (Sutherland, 2012) . Some of the schools in the three study areas are located in urban districts and some of the schools are located in rural districts. The type of area could have a big impact on being able to locate a school with services such as Google Maps, Google Earth, Google Street View, Bing Maps and HERE WeGo.
The second effort was led by Schmitz and Eksteen in 2014 . The authors conducted a study to determine the effect of GIS data quality on school infrastructure planning in the City of Tshwane.
The authors used the EMIS dataset (that contained positional errors) and a verified dataset (that did not contain positional errors) to determine locations of new schools. The authors noted that within the EMIS dataset, 50% of 501 schools contained positional errors and that no metadata was supplied with the EMIS dataset (Schmitz and Eksteen, 2014) . In conclusion, the authors illustrated that by using data with poor positional accuracy and a lack of metadata, substantial amounts of money could be misspent through poor decision making (Schmitz and Eksteen, 2014) . Ultimately, poor quality data will lead to poor decisions. 
Methodology
The methodology for this study forms part of a larger initiative towards a process for planning and designing school connectivity in South Africa. In Figure 2 , the high level methodology is highlighted. 
EMIS
The DBE serves as the custodian of the EMIS dataset that is publicly available. Provincial departments are responsible for the maintenance of the dataset. The data contained in the dataset is collected from SNAP surveys and annual school surveys conducted at ordinary schools, special needs schools, Adult Basic Education Training (ABET) centres and Further Education Training (FET) colleges (van Wyk, 2015) . Only ordinary schools were considered for this study. The "Quarter 4 of 2015: March 2016" dataset was used for this project as it was the most up to date version of the dataset available at the time of this study (Department of Basic Education, 2016).
The dataset contains several attribute values for each record (i.e. school) but only the NATEMIS (unique identifier), longitude and latitude attribute values were considered for the purpose of this study.
NEIMS
The NEIMS dataset is compiled from data collected during audits at public schools (quarterly) by provincial education departments in South Africa. The information was obtained from the DBE. The NEIMS III dataset was used for this project (Moloto, 2016) .
Methods
A manual process was followed as it is not possible to fully automate the detection of school buildings in satellite imagery (by using machine learning). It is not always the case in South Africa, that a school building is U-shaped or L-shaped with a sports field. Some school buildings have the shape of houses and some schools are located in small centres. The methodology followed in this project is discussed below.
Data Pre-Processing and Import
The datasets were converted to GIS formats as the datasets were provided in Microsoft Excel Spreadsheet (XLS) and Garmin MapSource Database (GDB) formats. Both datasets were clipped to the boundaries of the five education districts. Some of the schools included in the EMIS dataset, did not have any coordinates and a geocoding process was performed to try to assign coordinates to these schools based on their name or address. If coordinates were assigned to a school and the school was contained in one of the five educational districts, the school was added to the dataset. For each education district boundary, the EMIS and NEIMS datasets were combined into a single shapefile.
The combined shapefiles were imported into a database with one table per education district.
Data Analysis
A search was conducted to identify duplicates within the EMIS and NEIMS datasets based on the NATEMIS (i.e. schools that appear more than once in the same dataset). A second search was conducted to identify duplicates between the EMIS and NEIMS datasets (i.e. schools that appear in both datasets). A visual inspection of the duplicate entries was then conducted to find the record that was closest to the actual school by visual verification.
Visual Inspection and Desktop Study
Bing Maps Aerial and Google Satellite imagery were used to find the school locations by visual inspection. For duplicate records, the record with the location that was found to be closest to the actual school location was moved to the actual school location if it was not correct in the initial dataset.
Unique records were moved to the actual school location if it was not correct in the initial dataset.
Where a school was not located by visual inspection an online search was conducted to find information on the school's location and Google Street View was used to identify the location, if necessary and possible (due to coverage). As the records were processed they were marked as checked and if the record was a duplicate it was marked as duplicate in the appropriate database field to be deleted later on. After all records were processed, the records that were marked as duplicate were deleted from the dataset.
Data Visualisation, Export and Additional Processing
Maps were created based on the original and updated school locations in the combined EMIS-NEIMS dataset. The new dataset was exported from the database in Comma Separated Value (CSV) format and converted to shapefile format for use in a GIS. Based on the new combined EMIS-NEIMS dataset, reverse geocoding techniques were applied to identify addresses for the school locations. Table 1 contains the results of a comparison done between the original location of a school that appears in the EMIS dataset and in the NEIMS dataset (i.e. NATEMIS appears in the EMIS dataset and the same NATEMIS appears in the NEIMS dataset). The positional accuracy required from the school locations in the EMIS dataset and the NEIMS dataset will vary depending on the type of application. As illustrated in Table 1 and Figure 4 is an illustration of a school with a verified location. The remaining 11% of schools could not be verified because of a number of reasons such as no image coverage in the area (and imagery might be outdated in certain areas), cloud cover in imagery, no Google Street View coverage, no address data available in gazetteers and no additional information available on the internet. Figure   5 is an illustration of a school with a without a verified location. School locations that appeared in only one dataset were more difficult to verify because two locations provided a better indication of the possible area where the school might be located. It should be noted that the study areas are rural districts. Rossouw and Kgope (2007) stated that most households without formal addresses in South Africa are in rural areas and informal settlements.
Results and discussion
Therefore, the geocoding and reverse geocoding techniques that were applied were unsuccessful.
Out of about 89% school locations that could be verified with visual inspection and desktop study, approximately 81% of schools appeared in both datasets and only approximately 19% of schools only appeared in one dataset.
Out of the 2258 verified school locations (see Figure 6 ), around 27% of schools that appear in both datasets have a distance of 0m between the locations in the respective datasets. The majority of schools (approximately 44%) that were verified and appear in both datasets had a distance of greater than 0m and smaller than 100m between the locations in the respective datasets. The remainder of the schools that were verified and appear in both datasets, had a distance of greater than 100m and smaller than 1km (approximately 22%), or a distance of greater than 1km (approximately 7%) between the locations in the respective datasets. Table 2 contains the results of a comparison done between the location of a school that appears in the EMIS dataset and in the new updated dataset. Figure 7 shows the difference in distance for verified schools only. Only around 2% of the verified schools were not moved. Approximately 57% of the verified schools were moved less than 100m from the location in the original dataset. About 19% of verified schools were moved between 100m and 1km; and about 5% of schools were moved more than 1km from the original location in the EMIS dataset. The results depicted in Figure 7 and Figure 8 , indicate that the positional accuracy of the school locations in the NEIMS dataset is better than the positional accuracy of the school locations in the EMIS dataset. As DBE is the custodian of both of the abovementioned datasets, it is clear that there exist some duplication of effort in the department as the two datasets contain different school locations. Not only do the datasets contain different locations for most of the schools, but the locations in the five study areas also contain positional errors. Fourie (2015) argued that data custodians need to capture metadata because it will include some information on the data to determine its fitness of use for a specific application. It is important that DBE considers supplying metadata with their datasets.
The non-delivery of textbooks in South Africa is a common issue. Chrisholm (2013) Study areas (i.e. education districts) were mentioned at the start of the paper, but the results were presented as a whole to provide an overall view of positional errors in the school location information.
The aim of this paper was by no means to criticise the DBE or single out the work of specific districts, but to provide a general overview of the errors and illustrate the importance of why their only needs to be one dataset with good positional accuracy.
Conclusion
In order to do effective planning and decision making in a variety of sectors, accurate school location information is required. This study compared two available school location datasets to investigate the accuracy of school locations in the datasets. Many of the school locations, when inspected visually, were found to be inaccurate. The school locations were corrected and compiled into a new dataset. An analysis was conducted to determine the positional accuracy of the coordinates in the EMIS and NEIMS datasets compared to the new dataset. The NEIMS dataset proved to have better positional accuracy, but still contained positional errors. Some of the school locations could not be verified and therefore CSIR recommends field work by well-trained individuals. DBE should consider to recapture all of the school locations in South Africa once in future (by contracting GPS trained individuals or crowdsourcing by school principals), do quality assessments on the data as it is captured, and consolidate the data into a single dataset and update and maintain it. If the DBE manages to improve the positional accuracy of school location information in South Africa, decisions that are made based on this data will have better quality outcomes, costs will be significantly decreased and some service delivery issues related to education will be mitigated.
